Abstract: OBJECTIVE: We tried a new system for the evaluation of chronic sinusitis (CS) that uses a Computed tomography (CT) system equipped with the Ziostation 2 (Zio 2). SUBJECTS AND METHODS: Subjects were selected from patients with CS who had been evaluated using a CT system equipped with the Zio 2. Participants included 10 CS patients, 20 sides. The percentage of the volume of the soft-tissue density area relative to the total volume (STDA%) was calculated using Zio 2 system. We named this STDA% determined using the Zio 2 system the "Toho score." Two doctors carried out these evaluations, and their results were compared. Toho score was compared with the Lund-Mackay (L-M) score. RESULTS: The Toho scores were correlated between the two doctors with significance (the correlation coefficients of total paranasal sinus area, 0.95). They were correlated with the corresponding L-M score values with significance, too (the correlation coefficients of total paranasal sinus area, 0.82). CONCLUSION: Toho system may be useful for accurately determining the extent of the inflammatory lesion in the paranasal sinus. In future, it can be employed effectively for monitoring treatment effects in chronic sinusitis and other conditions that involve inflammation of the paranasal sinuses.
Introduction


Computed tomography (CT) is a useful tool for assessing the volume of inflammatory load within the paranasal sinuses in chronic sinusitis (CS) and objectively evaluating the degree of improvement in CS before and after drug therapy or surgery [1] [2] [3] [4] . The Lund-Mackay system [4] (L-M system) is widely used in CT evaluation of CS because of its convenience. However, it is often pointed out that this system lacks sufficient levels of gradation for tracking progression or reduction of the disease volume [5] . Therefore, we intended to measure soft tissue shadow in the CT of the paranasal sinus more exactly.
In this study, we investigated a new system for the evaluation of CS that uses a CT system equipped with the Ziostation 2 (Zio 2). We can easily select the space of the paranasal sinus using Zio 2 and can know that's
Subjects and Methods
Subjects
Subjects were selected from patients with CS who had been evaluated using a CT system equipped with the Zio 2 at the Toho Sakura Medical Center Otorhinolaryngology Department from July 2014 through March 2015. CS was diagnosed from the clinical symptoms such as nasal obstruction, rhinorrhea, a postnasal drip, smell disorder, headaches, and local site views such as nasal polyps and CT image views according to diagnostic criteria of the Japanese rhinology society. All cases were preoperative cases, and there was not the case after the nose and paranasal operation. 
Methods
Axial, coronal, and sagittal images were acquired preoperatively with a multi-slice CT helical scanning system (Aquilion 64; Toshiba medical systems corporation, Japan) with the following parameters: 120 kV, 200 mA. To quantify the volume of inflammatory opacification, the soft-tissue-density and air volumes in each paranasal sinus were assessed with a computer workstation, the Zio 2 (Ziosoft, Tokyo, Japan).
First, we used the expansion system of the Zio 2 to measure the volume of air in each sinus cavity-the maxillary, sphenoid, frontal, and ethmoid sinuses (Fig. 2) . Next, we measured the volume of soft-tissue density in each paranasal sinus, using the same method (Fig. 3) . The sum of the volumes of these two parts, the air and soft-tissue density in each sinus, was considered to represent the total volume of the sinus. The percentage of the volume of the soft-tissue density area (STDA) relative to the total volume (STDA%) was calculated as follows: volume of the soft-tissue density area/total volume of the sinus × 100. Two doctors carried out these evaluations, and their results were compared. In addition, we measured how much time these measurements required. We named this STDA% determined using the Zio 2 system the "Toho score."
To evaluate the legitimacy of the score for each sinus area, the Toho score was compared with the score assigned in accordance with the L-M system. We examined correlations and disagreements between the results of the two scoring systems for the total paranasal sinus area and each paranasal sinus (maxillary, sphenoid, frontal, and ethmoid) for 20 sides in 10 cases.
Data Analysis
The correlations between the Toho scores of the two doctors, and between the Toho score and L-M score for 
Results
Measurement Results of the Toho Score and L-M Score
Participants included 10 CS patients (7 male and 3 female patients) with a median age of 53 years (range, 35-71 years). The Toho score and L-M score results of the two doctors for the total paranasal sinus area and each paranasal sinus in each patient are shown in Table 1 .
Correlation between Toho Score Values of the Two Doctors
The Toho scores for the total paranasal sinus area, maxillary sinus, sphenoid sinus, frontal sinus, and ethmoid sinus were correlated between the two doctors with significance (Fig. 4) . The correlation coefficients between the two doctors were as follows: total paranasal sinus area, 0.95; maxillary sinus, 0.99; sphenoid sinus, 0.99; frontal sinus, 0.97; and ethmoid sinus, 0.83.
Correlations between the Toho Score and L-M Score Values
The Toho score values for the total paranasal sinus area, maxillary sinus, sphenoid sinus, frontal sinus, and ethmoid sinus were correlated with the corresponding L-M score values with significance ( 
Discussion
In this study, we investigated a new evaluation system using a CT system equipped with the Ziostation 2 (Zio 2) for analyzing CS in 10 patients. We were able to determine the proportion of the paranasal sinus occupied by inflammatory tissue as a percentage (which was named the "Toho score") in all paranasal sinuses of 20 sides of 10 cases. We then compared the results obtained with this system with those obtained with the L-M system. The L-M system is widely used in CT evaluation of CS. The wide acceptance of the L-M system is due to its simple staging (Table 1 ) [4] . When sinus inflammation occupies 0% of the CT image, a score of 0 is assigned, while a score of 2 is assigned when the inflammation occupies 100% of the image. All other degrees of inflammation are scored as 1. However, it is often pointed out that this system lacks sufficient levels of gradation for tracking progression or reduction of the disease volume [5] . Three more detailed staging systems, which are modifications of the L-M system, have been reported in recent years to help resolve these deficiencies [5] [6] [7] .
On the other hand, advances have been made in CT workstation techniques and additional functions have been developed. CT workstations are now used in various medical fields, including cardiac care, as an aid in diagnosis and treatment [8, 9] . In the paranasal sinus domain, a CT workstation has been used in a study of the approach to the frontal sinus [10] . In the present study, we investigated a new scoring system for inflammatory lesions in the paranasal sinus domain by using the CT workstation "Zio 2."
Our aim was to use the Zio 2 to establish an easy method for evaluation of inflammatory lesions in the paranasal sinuses. The overall volume of each paranasal sinus and the volume of the inflammatory tissue were used to calculate the percentage of the sinus volume occupied by inflammatory tissue. We also measured how much time was required for determination of the scores in each case to gauge the difficulty of using this system.
In this study, we mainly used the expansion function of the Zio 2 for measurements. When a certain point on the paranasal sinus CT image is clicked, the system enlarges the domain having the same CT level and measures the volume of it. This technique is very easy and does not take much time, although accurate selection of the domain requires an appropriate skill level and a small amount of time. It is easier to apply this technique to the large paranasal sinuses, that is, the maxillary, sphenoid, and frontal sinuses, than to the ethmoid sinus with its conglomeration of small cavities.
We were able to determine the percentage of paranasal sinus area occupied by inflammatory tissue (named the "Toho score") in all paranasal sinuses of 20 sides from 10 cases with the Zio 2. In addition, two doctors separately determined the score values. The results of the two doctors were almost completely in accordance. This shows that the method of evaluating paranasal sinus lesions with the Zio 2 is legitimate.
The Toho score results correlated with the corresponding results of the L-M system. This suggests that the Toho score system is legitimate. However, the correlation coefficients between the scores of the two systems for each paranasal sinus (maxillary sinus, 0.61; sphenoidal sinus, 0.72; frontal sinus, 0.65; and ethmoid sinus, 0.65) were lower than that for the whole paranasal sinus (0.82). This result suggests that accuracy declines with the L-M system when we evaluate each individual paranasal sinus.
The L-M system is widely used in CT evaluation of CS because of its convenience [4] . The mean time needed for determination of the L-M scores was 5 minutes per case for 20 sides in 10 cases. On the other hand, the two doctors took 35 minutes and 37 minutes to determine the Toho scores in each case. New methods of evaluation are not adopted unless the technique is easier to apply compared with preexisting methods. It is necessary to reduce the time needed to determine the Toho scores to promote this system, and further research focused on devising ways of reducing the operation time is warranted.
In this study, we often found that a wide range of Toho scores corresponded with the same L-M score. For example, as was the case with the patient images shown in Fig. 6 , the Toho score of the right maxillary sinus was 89.88% and of the left was 4.76%, although the L-M score of both sides was 1. Another case is shown in Fig. 7 in which the Toho score of the right frontal sinus was 98.73% and of the left was 22%, although the L-M score of both sides was 1. This illustrates how detailed information may not be available with use of the L-M system because the degree of the lesion can vary widely for an L-M score of 1. On the other hand, the area of the inflammatory lesion in the paranasal sinus can be represented more accurately with the Toho score, because the Toho score shows the proportion of the paranasal sinus occupied by inflammatory tissue as a percentage. Hence, we believe that the Toho system may be useful for accurately determining treatment effects in paranasal sinus lesions. The Toho score of the right frontal sinus was 98.73% and of the left was 22%, although the L-M score of both sides was 1.
Conclusion
Toho score values for evaluation of paranasal sinus inflammation show good correlation with the corresponding L-M score values. In addition, Toho scores provided a more detailed and accurate representation of the extent of the inflammatory lesion in the paranasal sinuses, as compared to L-M scores. Thus, we conclude that the Toho system may be useful for accurately determining the extent of the inflammatory lesion in the paranasal sinus. Further research is warranted to reduce the time duration required for evaluation using this system, so that in future, it can be employed effectively for monitoring treatment effects in chronic sinusitis and other conditions that involve inflammation of the paranasal sinuses.
